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(54) THERMOCOUPLE FOR GAS TURBINE ENVIRONMENTS

(57) An instrumented gas turbine component com-
prising: a metal substrate (22) thermally insulated by a
thermal barrier coating (20); a layer of electrically insu-
lating material (34) that maintains a resistance greater
than 0.5 mega ohms above 1100°C deposited on an ex-
posed surface of the thermal barrier coating (20), the
layer of electrically insulating material (34) comprising
yttrium aluminum garnet; and a thermocouple (12)
formed on the layer of electrically insulating material (34),
the thermocouple (12) comprising a first leg (26’) com-
prising a first pure metal and a second leg (28’) making
ohmic contact with the first leg (26’).
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Description

[0001] This application claims benefit of the 01 August
2008 filing dates of United States Provisional Application
61/085,645 and United States Provisional Application
61/085,654.

FIELD OF THE INVENTION

[0002] The present invention generally relates to ther-
mocouples and their method of manufacture, and in par-
ticular to thin-film monoelemental thermoelectric ele-
ments and structure forming thermocouples that may be
deposited on non-planar surfaces and are efficient at ul-
tra high temperatures.

BACKGROUND OF THE INVENTION

[0003] There is an increasing demand for real-time
measurement of the structural integrity of critical moving
components in modern gas turbines, which operate at
ultra high temperatures. Moreover, requirements for gas
turbines in the future call for ever higher operating tem-
peratures. However, the harsh turbine environment en-
countered in these turbines along with the lack of long-
term demonstrated sensor functionality, make it difficult
to meet these objectives. The materials exposed to the
hot gas path are being operated more closely to their
design margins, which require the development of accu-
rate and reliable sensors for monitoring the materials’
condition during operation. While life prediction tools uti-
lize laboratory generated data, active monitoring with em-
bedded sensors enable a better understanding of the
physics of material failure, loss of functionality due to
material degradation, and coating delamination or crack-
ing or spalling. The turbine typically includes a wide range
of component materials with varied exposure to high tem-
peratures and high centrifugal forces on rotating ele-
ments, and it is often surrounded by highly conductive
metallic materials.
[0004] A temperature sensor with demonstrated relia-
bility is a thermocouple. In principle, when two conductors
made of dissimilar metals are joined at both ends, a ther-
moelectric circuit is formed. When one of the ends of this
circuit is heated, there is a continuous current that flows
in the thermoelectric circuit. Thomas Seebeck made this
discovery in 1821. If this circuit is broken at the center,
the hot open circuit voltage (the Seebeck voltage) is a
function of the junction temperature and the composition
of the two metals. Such a circuit is known as a thermo-
couple.
[0005] Most prior art thermocouples are made of wire.
For example, a standard thermocouple, such as a Type
S thermocouple, is made of a pure platinum wire for one
wire leg and an alloy of approximately 90% platinum and
10% rhodium for the second wire leg. Another example
of a standard prior art thermocouple is a Type R thermo-
couple, which has one wire leg made of an alloy consist-

ing of 95% platinum and 5% rhodium, while the second
wire leg is made of an alloy consisting of 87% platinum
and 13% rhodium. These alloy combinations work well
when the thermocouples are made of wire wherein the
percent of the constituents along the length of the wire
are consistent. This is not necessarily the case when the
thermocouple legs are deposited in thin-film structures.
For example, when an alloy (e.g., platinum-10% rhodium)
is deposited, compositional variations along the length
of the thermocouple leg will occur. That is to say, the 10%
rhodium will not be evenly distributed everywhere, which
will cause a deviation in the performance of the thermo-
couple.
[0006] Accordingly, there is a need for a thermocouple
that is reliable and that can withstand the harsh environ-
ment of a gas turbine. While the thermocouple needs to
function in a turbine hot gas path section where temper-
atures may be greater than 1300°C, it is also desired that
the thermocouple has minimal impact on the perform-
ance or life of the component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is explained in the following de-
scription in view of the drawings that show:

FIG. 1 is a perspective view of a turbine blade having
a sensor, such as a thermocouple, formed thereon.
FIG. 2 is cross-sectional view of a portion of the tur-
bine blade showing a thin-film thermocouple in ac-
cordance with the present invention formed on the
thermal barrier coating on the blade.
FIG. 3 is a planar view of the thin-film thermocouple
in accordance with the present invention.
FIG. 4A is a cross-sectional view of a portion of the
turbine blade showing a thermocouple in accord-
ance with an embodiment of the present invention
formed over a high temperature dielectric on the ther-
mal barrier coating (TBC) on the blade.
FIG. 4B is a cross-sectional view of a portion of the
turbine blade showing a thermocouple in accord-
ance with an embodiment of the present invention
formed over a high temperature dielectric deposited
directly onto the blade’s substrate and beneath the
TBC layer.
FIG. 4C is a cross-sectional view of a portion of the
turbine blade showing a thermocouple in accord-
ance with an embodiment of the present invention
formed within the TBC layer.
FIG. 5 is a planar view of the thin-film thermocouple
deposited over the high temperature dielectric over
or beneath the TBC layer in accordance with the
present invention.
FIG. 6 is a graph showing the performance of the
monoelemental thermocouple as temperature in-
creases.
FIG. 7 is a graph showing the performance of the
monoelemental thermocouple compared with a
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standard Type S type thermocouple.

DETAILED DESCRIPTION OF THE INVENTION

[0008] With the development of thin-film techniques it
is recognized that there are several advantages of thin-
film thermocouples over the standard wire thermocou-
ples for measuring solid surface temperatures. Their low
mass provides a very rapid response, the thinness of the
film does not disturb the convective heat transfer char-
acteristics of the surface compared to a wire sensor, and
the small size is quite compatible with complex electronic
fabrication techniques. Moreover, the low mass of the
thin-film sensor, when attached to a turbine component,
does not create problems with centrifugal forces placed
on the thermocouple by turbine rotation. Furthermore,
the thin-film sensor allows conformance to the non-planar
surfaces of turbine components. Additionally, thin-film
sensor implementation on critical moving components in
the harsh turbine environment provides an excellent
source of data for condition-based monitoring during op-
eration. These thermocouples provide a real-time tem-
perature profile that enables reliability monitoring of the
part in service. One such family of thin-film sensors is
the monoelemental thermocouple. A mono-elemental
thermocouple has two legs each made of a different sin-
gle-element material (e.g., precious metals like platinum,
palladium, rhodium, or iridium). In other words, a monoe-
lemental thermocouple does not use legs of alloyed wire
as in the Type S and Type R wire thermocouples.
[0009] Pure platinum and pure palladium metals for
the two legs of the thermocouple may be used due to the
minimal mismatch of their CTE with that of an underlying
ceramic thermal barrier coating (TBC) deposited on the
turbine component (i.e., blade). Also, due to the purity of
these metals (i.e., they are monoelemental), there is very
little chemical variation along the length of the deposited
thermocouple lines to contribute to a variation in the per-
formance of the thermocouple. The term "pure" or "mo-
noelemental" as used herein means a purity level of at
least 99 wt. percent. Additional advantages of using
these metals include their excellent oxidation properties
and high melting point (e.g., platinum is 1769°C), which
allows the thermocouple to be deposited on the top sur-
face of the TBC where it may be exposed directly to the
hot combustion gas path environment.
[0010] One instrumented moving turbine component
that would enable collection of real-time temperature da-
ta is shown in FIG. 1, wherein a turbine blade 10 of a gas
turbine 11 has mounted thereon a thermocouple 12 and
conductors 14 leading to circuitry 16, which processes
and transmits data derived from the thermocouple 12 to
a receiver circuit (not shown) external the turbine 11. An
effective solution to the circuitry 16 is disclosed in pub-
lished U.S. Patent Application Publication No US
2005/0198967 A1 entitled SMART COMPONENT FOR
USE IN AN OPERATING ENVIRONMENT.
[0011] Referring now to FIG. 2, a cross-sectional view

of a portion of the turbine blade 10 is shown having
mounted thereon a thin-film thermocouple 12 in accord-
ance with one embodiment of the present invention,
which is formed atop the TBC 20 covering the metal
blade. The underlying substrate 22 of the blade 10 has
first formed thereon a bond coat 24, which separates the
TBC 20 from the substrate and ensures a good bond
between the two. FIG. 3 is a plan view of the thermocou-
ple 12, where in accordance with one embodiment, a first
leg 26 is formed of pure platinum and a second leg 28 is
formed of pure palladium. First ends of the two legs 26
and 28 are joined together at a point 30, which makes
ohmic contact between these two legs and forms a hot
junction for conversion of heat into an electrical signal
(i.e., the Seebeck voltage). Bonding pads 32A and 32B
are formed on the other ends of the legs 26 and 28, re-
spectively, which allow for the making of electrical contact
with the conductors 14 in order to transmit the electrical
signal (i.e., Seebeck voltage) to the circuitry 16.
[0012] Another consideration in a high-temperature
turbine environment (e.g., greater than 800°C) is the di-
electric/ionic conductivity of the TBC material. The stand-
ard TBC, which is made from yttria stabilized zirconia,
loses its dielectric strength above 800°C. Accordingly,
there may be a need for a ceramic insulator coating 34
(FIG. 4A) to separate the thermocouple 12 from the TBC
20, which insulator coating typically has a dielectric
strength (high temperature resistance of greater than 0.5
mega ohms) above 1100°C. Various oxides are capable
of retaining such strength at high temperatures. One
composition of interest is yttrium aluminum garnet
("YAG"), which has been deposited in thickness within a
range of 50 - 250 microns and has demonstrated excel-
lent performance of the thermocouple at high tempera-
ture (e.g., above 1100°C). A cross-sectional view of the
dielectric insulator coating 34 on the TBC 20 is shown in
FIG. 4A. In particular, the dielectric insulator coating 34
physically and electrically separates the thermocouple
12 from the TBC 20. An alternate embodiment of the
invention is shown in FIG. 4B which illustrates another
portion of the turbine blade wherein the dielectric insula-
tor coating 34 is deposited directly onto the substrate 22
and the thermocouple 12 is deposited over this dielectric
insulator coating. Also, another dielectric insulator coat-
ing 35 (such as of the same material and thickness) may
be deposited over the thermocouple 12 if needed. Finally,
the TBC layer 20 is deposited over the dielectric insulator
coating 35 (or directly over the thermocouple). Accord-
ingly, the thermocouple 12 is embedded in the structure
and senses directly the temperature of the component
substrate 22. FIG. 4C is an embodiment which illustrates
yet another portion of the turbine blade wherein the ther-
mocouple 12 is embedded within the TBC layer 20 and
is electrically insulated from contact with the TBC mate-
rial 20 by layers of electrically insulating material 34, 35
in order to provide a measurement of the temperature
within the TBC layer 20. Such structures may be formed
by thermally spraying the respective materials as the
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TBC layer 20 is formed in a conventional manner.
[0013] FIG. 5 is a plan view of the thermocouple 12 of
FIG. 4A, wherein in accordance with an embodiment a
first leg 26’ is formed of pure platinum and a second leg
28’ is formed of pure palladium. The two legs 26’ and 28’
are joined together at a point 30’, which makes ohmic
contact between the two legs. Bonding pads 32A’ and
32B’ are formed on the other end of the legs 26’ and 28’,
respectively, which allows for making electrical contact
with the conductors 14.
[0014] FIG. 6 is a graph showing the performance
(curve 40) of the monoelemental thermocouple. As tem-
perature increases, the thermocouple voltage (Seebeck
voltage in mv) increases substantially linearly. The per-
formance of these thermocouples is shown in FIG. 7 by
curve 41, with comparison to standard Type S thermo-
couples (curve 43). In this configuration, the monoele-
mental thermocouple performance is within 3 degrees of
the Type S thermocouple, which exhibits an excellent
correlation.
[0015] The legs 32A and 32B (or 32A’ and 32B’) and
the conductors 14 may be deposited on the blade 10 by
plasma spraying, EB PVD, CVD, pulsed laser deposition,
mini-plasma, direct write, mini hvof or solution plasma
spraying, for example. In one embodiment the legs of the
thermocouple 12 are deposited at a thickness within the
range of 50 - 100 microns, which thickness may be nec-
essary for endurance in the harsh environment of a gas
turbine.
[0016] It is noted that the scale of the cross-sectional
illustrations of FIGS. 2, 4A 4B and 4C are such that they
may be considered to show either a planar substrate or
curved or non-planar surface as found on most turbine
components.
[0017] In accordance with an alternate embodiment of
the invention the second leg 28 or 28’ may be replaced
with a transparent conducting oxide (TCO), while the first
leg 26 or 26’ remains pure platinum. Such TCO provides
a good thermoelectric response with platinum as the first
leg, mainly due to their excellent electrical conductivity.
Another advantage is their chemical stability. Examples
of such oxides are CuAlO2, In2O3-SnO2, In2O3-SnO2
doped with ZnO, Ga2O3, CdIn2O4, Cd2SnO4, and ZnO.
This alternate embodiment would be optimum for envi-
ronments where the temperature exceeds 1550°C be-
cause pure palladium begins to soften and oxidize above
this temperature. The performance curve for a pure plat-
inum-oxide thermocouple is depicted by curve 42 in FIG.
6.
[0018] A method of manufacturing a thin film thermo-
couple on a non-planar surface of a turbine component
may include the steps of: laser cutting a first mask and
shaping the first mask to conform with a non-planar sur-
face, the first mask including a pattern opening defining
a first element of the thermocouple; depositing a first con-
ductor in the pattern opening of the first mask; laser cut-
ting a second mask and shaping the second mask to
conform with the non-planar surface, the second mask

including a pattern opening defining a second element
of the thermocouple; and depositing a second conductor
in the pattern opening of the second mask.
[0019] While various embodiments of the present in-
vention have been shown and described herein, it will be
obvious that such embodiments are provided by way of
example only. Numerous variations, changes and sub-
stitutions may be made without departing from the inven-
tion herein. Accordingly, it is intended that the invention
be limited only by the spirit and scope of the appended
claims.

Claims

1. An instrumented gas turbine component comprising:

a metal substrate (22) thermally insulated by a
thermal barrier coating (20);
a layer of electrically insulating material (34) that
maintains a resistance greater than 0.5 mega
ohms above 1100°C deposited on an exposed
surface of the thermal barrier coating (20), the
layer of electrically insulating material (34) com-
prising yttrium aluminum garnet; and
a thermocouple (12) formed on the layer of elec-
trically insulating material (34), the thermocou-
ple (12) comprising a first leg (26’) comprising a
first pure metal and a second leg (28’) making
ohmic contact with the first leg (26’).

2. The component of claim 1, wherein the second leg
(28’) comprises a second pure metal different than
the first pure metal.

3. The component of claim 1, wherein the first leg (26’)
comprises platinum and the second leg (28’) com-
prises palladium, rhodium or iridium.

4. The component of claim 1, wherein the second leg
(28’) comprises one of the group consisting of
CuAlO2, In2O3-SnO2, In2O3-SnO2 doped with ZnO,
Ga2O3, CdIn2O4, Cd2SnO4, and ZnO.
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